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A FOUR-ENGINE TYPE OF TRANSPORT AIRPLANE IN COMMERCIAL 
OPERATION ON AN EASTERN UNITED STATES ROUTE 
FROM NOVEMBER 1947 TO FEBRUARY 1950 


By Thomas L. Coleman and Paul W. J. Schumacher 


SUMMARY 


An analysis of 48,187 hours of normal-acceleration and airspeed data 
obtained on a four-engine type of transport airplane in commercial opera- 
tion on an eastern United States route from November 1947 to February 1950 
has been made to determine the gusts and gust loads for the operations. 
The results, covering operations to 20,000 feet, indicate that the maxi- 
mum gust velocity encountered in a given number of flight miles was less 
than that for a low-altitude operation (below 10,000 feet) but the accel- 
erations experienced were about as severe in terms of percentage of limit 
load factor as for the operations below 10,000 feet. A somewhat greater 
frequency of attaining high airspeeds for these operations than for some 
other previously reported transport operations is also indicated. The 
gusts and gust loads during the summer (Apr. through Sept.) were approxi- 
mately 20 percent more severe than during the winter (Oct. through Mar.). 
The gusts encountered for the operations were about the same as those 
encountered for airplanes of the same type operated by the British on 
the North Atlantic route. 


INTRODUCTION 


In the study of the gusts and gust loads for commercial transport 
airplanes, normal-acceleration and airspeed data have been collected 
over a number of years from NACA V-G recorders installed in airplanes 
of various types (ref. 1). In the past these data have been used in the 
formulation of gust-load design requirements for transport airplanes. 
Consequently, the data have been collected with the aim of obtaining 
representative samples of the gusts and gust loads for transport opera- 
tions on trunk airlines covering various climatic and terrain conditions 
within the United States and on oceanic routes. Most of the data obtained 
to date have been collected from operations generally below an altitude of 
10,000 feet. The first data from higher altitudes were reported in refer- 
ence 2, which presented an analysis of a limited sample of data (9300 hr 
covering less than a year of operations) from a modern four-engine type 
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of transport airplane operating to altitudes of about 20,000 feet on a 
north-south route over the eastern United States. Record collection for 

these operations has been completed and the total data sample covers 

about 50,000 hours of flight during a period of over two years e 


An analysis of these data is presented in this paper. Estimates 
are given of the frequency of occurrence of given values of acceleration, 
gust velocity, and maximum airspeeds. Effects of the airspeed practice 
and of the seasons on the gusts and gust loads are indicated. Compari- 
sons are made between the present results and the results previously 
obtained from other operations. 


SYMBOLS 
A aspect ratio 
K gust alleviation factor (ref. 3) 
P^An probability that maximum acceleration increment on record will 
equal or exceed given value 
P. probability that maximum indicated airspeed on record will 
equal or exceed given value > 
PUe probability that maximum effective gust velocity on record | 
will equal or exceed given value ^ 
Ue effective gust velocity, fps 
Us maximum effective gust velocity, fps 
Όρο effective gust velocity of 30 fps 
Vy, design level flight speed (indicated), mph 
Vik maximum indicated airspeed on record, mph 
Vo indicated airspeed at which maximum positive or negative 
acceleration increment occurs on record, mph 
Vb probable indicated airspeed at which maximum acceleration 


increment will occur, mph 


Vive placard never-exceed indicated airspeed, mph 
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At ax maximum positive or negative acceleration increment on record, 
g units 
ADT TR acceleration increment corresponding to Limit-gust-load-factor 


increment for gross weight, g units 


α statistical scale parameter of distribution of extreme values 
(ref. 4, p.2) 


u location parameter of distribution of extreme values (ref. 4, 
p.2) 

g best small~sample estimate of standard deviation of distri- 
bution of extreme values (ref. 4, p.2) 

k coefficient of skewness of distribution (called a in ref. 5) 

σ standard deviation for distribution of variable (ref. 5) 


A bar over a symbol denotes mean value of distribution. 
APPARATUS AND SCOPE OF DATA 


The data were obtained by means of two types of NACA V-G recorders: 
the friction-damped recorder (ref. 6) and the oil-damped recorder 
(ref. 7). Both recorders are similar except for the method of damping 
the accelerometer element. The precision of the two types of recorders 
is discussed in reference T. Inherent instrument errors are assumed to 
be less than zO.2g for acceleration and about 3 percent of the maximum 
airspeed range for the friction-damped recorders; whereas the corre- 
sponding errors for the oil-damped recorders are less than tO.lg for 
acceleration and about 1 percent of the maximum airspeed range. Approxi- 
mately 60 percent of the data were obtained with the oil-damped recorders. 


The data were collected on 10 four-engine airplanes engaged in 
commercial transport (passenger) operations on a north-south route in the 
area of the United States east of the Mississippi River. The length of 
flights (airline distance between stops) varied from about 100 miles to 
1200 miles and the scheduled time for the flights varied from 1/2 hour 
to 5 hours, Detailed information on the altitudes at which the flights 
were made is not available. The operator, however, indicated that most 
of the flight time was spent at altitudes between 10,000 and 20,000 feet. 
As no detailed information was provided on actual operating weights, 8 
value of 85 percent of the design gross weight, which is assumed as a` 
representative average, was taken as the welght at which the gusts were 
encountered. | 
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Characteristics of the airplanes on which the data were collected 
are given in table I and were obtained from the manufacturer's design 
date or the operator unless otherwise referenced. The limit gust load 
factor of 2.48g was computed from the gust-load-factor formula in ref- 
erence 3 and is based on the maximum take-off welght, the computed lift- 
curve slope as recommended in reference 8, and on an effective gust 
velocity Ue of 30K feet per second at the maximum speed in level flight 
ντ, of 271 miles per hour, The computed lift-curve slope of 4.93 used 
to obtain uniformity in evaluations is slightly higher than the slope of 
4,67 which was used in design. As has been done in previous gust-load 
evaluations, the maximum gross weight was used to compute the limit gust 
load factor, although the use of an average operating welght would have 
yielded a slightly higher factor possibly more representative of the 
operations. 


A total of 223 records representing 50,830 flight hours were available 
for analysis. In order to keep the range in flight hours per record 
small, however, only records representing between 200 and 250 flight 
hours were used. Consequently, the analysis utilized 194 records repre- 
senting a total of 48,187 flight hours. Included in these records are 
the 38 records previously analyzed in reference 2. 


RESULTS 


Presentation of data.- From each record the maximum positive and 
negative acceleration increment  Angg,, the two speeds corresponding to 


the occurrence of the maximum acceleration increment Vo, the maximum 
positive and negative effective gust velocities Usyay; and the maximum 


airspeed Vmax were determined. In addition, the maximum positive and 
negative accelerations in each 20-mile-per-hour airspeed bracket were 
read. The assumption is made that the maximum accelerations above 

160 miles per hour were caused by gusts. No values were read from the 
records below this airspeed in order to avoid the possible inclusion of 
acceleration due to maneuvers and landing shock, Since it has been noted 
on time-history records that only about 2 percent of the flight time is 
spent at airspeeds below 160 miles per hour, the amount of data lost by 
this procedure is small. The effective gust velocities obtained were 
computed with the sharp-edged-gust equation (ref. 3) by using the 
computed slope of the Lift curve and the assumed average operating weight 
of 79,900 pounds (0.85 gross weight) with the corresponding K value. 


Ihe frequency distributions of Atnsx, Vo, Vmax, and Ue,s, for the 


data sample are given in table II grouped in class intervals of O.lg, 
lO miles per hour, 5 miles per hour, and 2 feet per second, respectively. 
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The distributions of Anmax by airspeed bracket are given in table III. 
In order to smooth out irregularities in the data and to provide a mathe- 
matical description of the distributions, theoretical curves were fitted 
to each distribution given in table II. Curves based on the theory of 
extreme values (ref. 4) were used for the distributions of Anmax and 


Όρμος and Pearson type III curves (ref. 5) for the distribution of Vo 


and Vmax. The parameters defining each fitted curve are included in 
table II with the appropriate distribution. From previous experience 
these curves generally have been found to provide a good description of 
the data. The value of Vp given in table II was computed from the 


parameters of the curve for the Vo distribution by using the equation 
for the mode given in reference 9, page 92. The curves fitted to the 
distributions of ΔπῃΑΧ Όθων» and Vn, were transformed to curves 


showing the average flight miles required to equal or exceed given values 
of the variables by multiplying l/PAn, 1/Pu,, and 1/Py by an assumed 


cruising speed of 217 miles per hour (Ο.ϑγτ,) and the average flight hours 
per record, 248 hours. Inasmuch as the analysis is concerned mainly with 
the high values of Atmax, Uegay, End Vmax recorded, only the parts of 


the transformed curves for the larger values of the variables are given 
in figures 1 to +. The cumulative data points for each distribution are 
shown in the proper figure in order to show goodness of fit of the curves 
to the data. 


Previous investigations generally have &ssumed the distributions of 
maximum positive and negative &cceleration increments to be similar 
except for sign. Inspection of figure 1 indicates that the two distri- 
butions are practically identical for this data sample. Consequently, 
the frequency of occurrence of either positive or negative acceleration 
increments may be represented by the combined ngay, distribution as in 
figure 2. 


Effect of changes in operating conditions.- During the period covered 
by the data, two changes in operating conditions were made which possibly 
influenced the maximum airspeeds obtained. First, the operator, after 
noting the frequency with which high values of airspeed were obtained, | 
stressed to the pilots the desirability of avoiding excessive airspeeds. | 
Second, at about the same time a different type of propeller (which was ` 
vlacusded for certain ranges of revolutions per minute) was installed on 
the airplanes. In order to determine whether these two changes had any 
effect on the maximum airspeeds attained, Pearson type III probability 
curves were fitted to the distribution of Vmax for the periods before 


and after the changes. The two curves are given on a flight-miles basis 
in figure 5 with the cumulative data points of the distributions. 


Effect of seasons.- In order to determine whether any seasonal 
variation existed in the accelerations, gusts, and airspeeds, the data 
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were grouped into two seasons: summer, April through September, and 
winter, October through March. Records which were not taken wholly 
within either season were omitted from the seasonal analysis. The fre- 
quency distributions of Abhay? Vo, Vmax: and Vemax for the two 


seasons are given in table IV with the eppropriate parameters of each 
distribution. The transformed curves for the Anpax: Ue,» 2nd Vmax 


distributions are given in figures 6, 7, and 8, respectively, with the 
cumulative data points for each distribution. 


Comparison with other results.- In order to compare the gusts and 
accelerations for the present operations with results obtained from 


previous investigations (refs. 10 and 11), the flight miles to exceed 
Anprp and Uezo for the operations are summarized in table V.  Refer- 


ence 10 did not contain effective gust velocities for the two operations 
reported therein; consequently, the flight miles to exceed Uezo for 


these operations were computed from the original data covered by the 
reference. The ratio of the most probable speed for maximum accelera- 
tion occurrence to the design maximum level flight speed Vo/ Vr, for the 


various operations is also included in table V. 


Data on the loads experienced during British operations of the same 
type of airplane on North Atlantic routes have been presented in refer- 
ence 12. In order to compare the gusts encountered on eastern United 
States operations with those encountered on the trans-Atlantic opera- 
tions, flight envelopes of effective gust velocities for the two opera- 
tions have been calculated and are presented in figure 9. The envelopes 
give the boundaries which in 10,000 hours of operation are expected to 
be exceeded, on the average, by one positive and one negative gust veloc- 
ity independent of speed and by one maximum airspeed. The envelopes were 
calculated essentially in accordance with the method used in reference 12, 
the primary differences being that the positive and negative Anya, values 


were combined without regard to sign to form & single distribution for 

each airspeed bracket and extreme-value curves were fitted to these dis- 
tributions instead of Pearson type III curves. The data used to compute 
the envelope for the present operations were the distributions of Animax 


given in table III and the distribution of Vmax given in table II. 


The data for the operations on the North Atlantic route were taken from 
tables 1 to ^ of reference 12. The one airspeed and two acceleration 
values noted in the tables as being "suspect" were not used in c&lcu- 
lating the envelope. The gust velocities &re based on the same quanti- 
ties as were used previously, except that a weight of 82,500 pounds 
(given as average operating weight in ref. 12) was used in conjunction | 
with the British data as compared with the assumed average operating 
weight of 79,900 pounds used with the present data. 
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Reliability.- In order to determine the reliability of the estimates 
of the flight miles to exceed ΔΑΤΙΠ and Uez;o; confidence bands (ref. 13) 


were fitted to the Znppyp and Us distributions. The confidence bands 


provide a measure of the range within which, for a given probability level 
(a probability level of 95 percent is used herein), the true value may be 
expected to lie. The results indicated that 95 percent of the estimates 
for the flight miles to exceed ΔΑΗΤΤΠ would lie within a range from 0.7 
to 1.4 times the estimated value given in figure 2. The estimates of 

the flight miles to exceed ΔΙΤΠ for the summer and winter operations, 
being: based on smaller data samples, were indicated to be reliable within 
a range from about 0.6 to 1.6 times the estimated values given in fig- 

ure 6. Similar ranges of reliability were indicated for the estimate of 
the flight miles to exceed Uezo for the total and summer and winter 


operations given in figures 2 and T. No adequate method is, at present, 
available for determining the reliability of estimates of the flight miles 
to exceed Vyp. Since the data sample is quite large and no extrapola- 
tion of the data was required, the estimated flight miles to exceed VNE 
is felt to be reliable within a factor of about 2. 


Although it is recognized that dynamic response of the airplane in 
gusts can have appreciable effect on accelerations recorded at the center 
of gravity of the airplane, these effects for the present data are not 
known. The dynamic response of the present airplane, however, is expected 
to be of the same order of magnitude as that for other present-day air- 
planes. Consequently, comparisons such as are made in table V of the 
flight miles to exceed Anpyg and Uezp for the present airplane and 


for airplanes of similar design should not be seriously in error. The 
data for the present operations and for the North Atlantic operations 
reported in reference 12 should be directly comparable since they were 
obtained on the same type of airplane. (See fig. 9 for the comparison 
of the gust velocities of these two operations. ) 


DISCUSSION 


Accelerations.- Examination of figure 2 indicates that, for the 
present data covering operations to an altitude of about 20,000 feet, 
the acceleration increment corresponding to the calculated limit-gust- 
load-factor increment of 1.48g may be exceeded, on the average, twice in 


about 1.1 X 106 flight miles. For the other operations summarized in 
table V which generally were below an altitude of 10,000 feet, the dis- 


tance required to exceed /nppp twice varies from 1.2 X 106 flight miles 
for the twin-engine airplane on the northern-transcontinental operations 
to 5.6 x 10° and 2,000 x 106 flight miles for the four-engine airplane 
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operated on the Caribbean—South American and trans-Pacific routes, 
respectively. Thus, in terms of the percentage of limit load factor, 
the accelerations experienced during the present operations appear to 
be on the same level as those for the northern-transcontinental opera- 
tions and somewhat higher than those for the Caribbean—South American 
operations. In comparison with the trans-Pacific operations, the accel- 
erations for the present operations were significantly more severe. 


Consideration of figure 6 indicates that, for a given mileage level, 
the acceleration increments obtained during the summer (Apr. through 
Sept.) were approximately 20 percent larger than those obtained during the 
winter (Oct. through Mar.). Since available information indicates that 
the average operating weights during the two seasons were about the same, 
the difference in accelerations must have resulted from differences in 
the gust velocities or airspeeds. 


Gusts.- Inspection of figure 3 indicates that for the present opera- 
tions an effective gust velocity Ue of 30 feet per second may be encoun- 


tered, on the average, twice in about 0.5 x 106 flight miles. For opera- 
tion of the twin-engine airplane on the northern transcontinental route 


the distance to exceed Uezo is about 0.2 x 105 flight miles (table V). 
The corresponding values for the trans-Pacific and Caribbean—South 


American operations are given in table V as 6 x 10° ana 0.8 x 10° flight 
miles, respectively. On the basis of the distance to exceed Uez0; there- 


fore, the gusts encountered during the present operations appear to be 
slightly less severe than those for the northern-transcontinental opera- 
tions but somewhat more severe than for the Caribbean--South American 
operations. The gusts encountered during the present operations were 
significantly greater than those for the trans-Pacific operation. 


Comparison of the envelopes of effective gust velocities in figure 9 
indicates that the gust boundaries predicted for 10,000 hours of opera- 
tion for the present and North Atlantic (British) operations are quite 
similar in shape and that the curve for the present operations predicts 
only slightly higher gust velocities. The gust velocities for the two 
operations therefore appears to be about equal. 


Other investigations generally have indicated a reduction in the 
amount of turbulence with increasing altitude. That the gusts for the 
present operations to 20,000 feet were not appreciably less than for the 
lower-altitude operations was therefore unexpected. The reason that a 
significant reduction in the gusts was not obtained is not known. Since 
the gust velocities for the present and North Atlantic operations are 
about equal, the lack of a reduction in the occurrence of gusts probably 
1g not due solely to the particular route. Although corrections for 


pus 
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dynamic response could alter the results, it is felt that the relative 
gust velocities for the operations would not be changed significantly. 


Inspection of figure 7 shows that for a given mileage level the 
gusts encountered during the summer were roughly 20 percent higher than 
those encountered during the winter. The higher gust velocities during 
the summer were probably the predominant factor causing the high accel- 
erations during this season. Although the summer was more turbulent than 
the winter for the present operations, the reverse was found to be true 
for operations on a northern transcontinental route (ref. 11). It would 
appear that the seasonal gust encounters depend upon the route and that 
no general conclusion regarding the relative turbulence for summer and 
winter operations can be made. 


Airspeeds.- The ratio of the most probable speed for Anax Occur- 
rence to the design level flight speed Vp /VL for the present data is 


0.83 as given in table V. ‘The Vp/Vr, ratios for other operations sum- 
marized in table V range from 0.71 to 0.75. The Vp /VL ratio of 0.85 


for ihe. present operation is therefore higher than the ratios for the 
other operations. Thus, the relatively high speed at which the airplanes 
were operated in rough air may have been instrumental in giving higher 
accelerations for the present operations than were expected. 


The most probable speed Vp for Any, encounter is given in 


table IV to be 220 and 231 miles per hour for the summer and winter 
seasons, respectively. Since the summer was found to be the most turbu- 
lent, the slightly lower Vp for this season may indicate a practice of 


reducing airspeed when flying in extremely rough air. 


Consideration of the total distribution of maximum airspeeds shown 
in figure 4 indicates that the average distance to exceed the design 


never-exceed speed of 324 miles per hour is about 1.6 x 106 flight miles. 
This estimate for the flight miles to exceed πι is greater than the 


estimate of 0.5 X 10° flight miles given in reference 2 based on a smaller 


data sample. The difference between the two estimates may be attributed 
to a general reduction in the maximum airspeeds obtained after the time 
the pilots were instructed on the desirability of avoiding high airspeeds 
and a different type of propeller was installed on the airplanes. Inspec- 
tion of figure 5 indicates that, although the maximum airspeed obtained 
for each period was about the same, the maximum airspeeds attained after 
the instructions to the pilots and propeller change were, on the average, 
about 15 miles per hour less than those previously attained. If this 
reduction in average maximum airspeeds is assumed to continue for future 
operations, a better estimate of the flight miles to exceed Vyp may be 


obtained from the πας distribution for the period after the propeller 
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change and instructions to the pilots than from the total Vmax distri- 
bution. Based on the distribution of Vmax for the period after the 


changes, an estimate of 3.8 x 106 flight miles to exceed Vyp is 
obtained (fig. 5). 


The estimate of 3.8 x 10Ó flight miles to exceed Vyp lies at the 


lower end of the range of estimates for operations previously investi- 
gated. This result would indicate & somewhat greater tendeney towards 
high airspeeds for the present operations than for other operations for 
which data are available. 


Examination of figure 8 indicates that the difference in.the maximum 
airspeeds for the summer and winter seasons is not significant. 


SUMMARY OF RESULTS 


The gusts and accelerations for operation of a four-engine airplane 
on an eastern United States route are analyzed and presented. The results 
are compared with those for operations of a different type of four-engine 
airplane on a Caribbean—South American route and a trans-Pacific route, 
and for operations of a twin-engine transport airplane operating on a 
northern transcontinental route. The operations analyzed herein were at 
altitudes up to 20,000 feet, whereas the three other operations were 
generally below 10,000 feet. 


The accelerations for the present operations were somewhat more 
severe than for the Caribbean—South American operations and Significantly 
more severe than for the operations on the trans-Pacific route. They 
were on about the same level as those for the northern transcontinental 
route. The accelerations for the eastern United States operations were 
about 20 percent higher during the summer (Apr. through Sept.) than 
during the winter (Oct. through Mar.). 


The average number of flight miles to encounter a gust velocity of 
20 feet per second Uezg is about the same as that for a similar airplane 


operated by the British on the North Atlantic route. The number of flight 
miles to encounter Uezo is less than the distance required on the 


Caribbean—South American operation but greater than the distance for a 
northern-transcontinental operation. In comparison with the trans-Pacific 
operations, the present results show a significant reduction in the average 
flight miles to exceed Uezo- The intensity of the gusts was roughly 


20 percent higher during the summer than during the winter; this result 
being the reverse of that reported for the northern-transcontinental 
operations. In comparison with other operations the present airplanes 
were operated at relatively high speed in rough air. 
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The design never-exceed speed of 324 miles per hour may be exceeded, 


on the average, once in about 3.8 x 10° flight miles which is somewhat 
more frequent than for operations previously investigated. For purposes 
of statistical interpretation, it is significant to note that changes in 
operating practices and airplane characteristics which resulted ina 
reduction of about 15 miles per hour in the average maximum airspeeds 
were made during the period covered by the data. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., October 21, 1952. 


le 
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TABLE I.- CHARACTERISTICS 


Maximum take-off weight, lb . α . ... 
Wing area, sq. fb . ... ο ο we ὁ ο ν 9 
Wing Span, TT * 9 ο 9 s 9 e 6 * 8 LÀ 6 


Mean aerodynamic chord, rt um 


Aspect ratio s è s s « « ὁ « © © » » 5 


Slope of Lift curve per radian, computed 


OF THE ATRPLANE 


from $08 
“A+ 2 


Limit gust load factor (computed), g units . . . . . . . 


Gust alleviation factor (ref. 3), K 
For 94,000 pounds (gross weight) . 
For 79,900 pounds (0.85 gross πο αι). 


Design maximum level flight speed (indicated), VL, mph : 
Design never-exceed speed (indicated), VNg, mph .... 
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TABLE II.- FREQUENCY DISTRIBUTIONS OF Anmay, Vo, Vanx, AND Uegg, FOR TOTAL DATA SAMPIE 


Konsens Fama 


Frequency 
EM Total 


T 


pIInmnH 


0.3 to 0.3 -- 2 160 to hs 270 to 275 T 8 to 1 3 
to .5 h 5 to 1 275 to 280 10 to 2 h 
<5 to. <6 13 T 190 280 to 285 12 to 14 21 
6 to J 19 3 190 to 200 285 to 290 14 to 16 35 
K τοι, 3 61 200 to 210 290 to 295 16 to 18 55 
«ο to 49 2T 64 210 to 220 £295 to 300 18 to 20 5 
.9 to 1.0 25 55 620 to 230 300 to 305 20 to 22 62 

1.0 to 1.1 28 56 230 to 2ho 305 to 310 22 to 2h kB 

l.l to 1.2 11 26 240 to 250 310 to 315 24 to 26 3) 

1.2 to 1.3 11. ap 250 to 260 315 to 320 26 to 28 18 

1.3 to l.4 8 11 260 to 270 320 to 325 28 to 30 15 

1.1 to 1.5 3 6 270 to 200 325 to 330 30 to 32 9 

15 to 1,6 1 3 280 to 290 330 to 335 32 to 34 1} 

1.6 toT 2 2 290 to 300 335 to 340 34 to 36 8 

LT to 1.8 3 5 300 to 310 36 ta 38 3 

1,8 to 1,9 2 3 38 to ho i 

1.9 to 2.0 -- -- ho to he -= 

2:0 to A.L μμ 1 he to μι 

2.1 to 2.2 -- 1 hh to 46 

' 46 to 48 
4B to 50 
50 to 52 
52 to 5h 
5l to 56 
56 to 58 


“A maximum indicated airspeed of 356 miles per hour from one record was not used in the analysis because, according to information 


furnished by the operator, it occurred during &n emergency descent, 
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TANIE III.- FREQUENCY DISPRIBUTIGRE OF Ansar BY AIRSPEED BRACKETS 
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TABLE V.- SUMMARY OF FLIGHT MILES TO EXCEED Anry AND Uesg FOR VARIOUS OPERATIONS 


[Based on data uncorrected for dynamic response 
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Figure 1.- Comparison of the average flight miles required for a positive 
and a negative acceleration increment to equal or exceed a given value. 
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Flgure 2.- Average flight miles required for an acceleration increment 
to equal or exceed a given value twice (positive and negative). 
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Figure 3.- Average flight miles required for a maximum positive and 
negative effective gust velocity to equal or exceed a given value. 
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Figure 4.- Average flight miles required for the maximum indicated 
airspeed on a V-G record to equal or exceed a given value. 
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Figure 5.- Average flight miles required for the maximum indicated 
airspeed on a record to equal or exceed a given value for periods 
before and after changes in operating practice and airplane 
characteristics. 
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Figure 6.- Average flight miles required for a maximum positive and 
negative acceleration increment to equal or exceed a given value 


for summer and winter operations. 
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Figure T.- Comparison of the average flight miles required to equal or 
exceed a given maximum effective gust velocity for summer and winter 


operations. 


26 


Flight miles 


NACA TN 2965 


Cumulative frequency Transformed probability curves 
distribution 


Summer = Apr, 
O through Sept. 


Winter - Oct, 
through Mar. 


Maximm indicated airspeed, ος» moh 


Figure 8.- Average flight miles required for the maximum indicated 
airspeed on a record to equal or exceed a given value for summer 


and winter operations. 
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Figure 9.- Comparison of calculated flight envelopes of effective gust 


velocities for 10,000 hours of operations on domestic United States 
routes and British North Atlantic routes. 
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